Introduction
Breast cancer is the most frequently diagnosed cancer in women in the United States and the second leading cause of cancer death [1, 2] . Thus, the diagnosis of breast cancer may have a detrimental impact on patients' mental health, including feelings of isolation and loneliness [3] , depression and anxiety [4] . To overcome these psychological concerns, breast cancer patients often seek social support not only from family members and friends but also from fellow patients in social support groups. The social support groups, either online or offline, allow cancer patients to meet others who are, or have been, struggling with similar health problems, share their coping experiences, and make emotional connections, all of which may play a positive role in managing their own illnesses. Moreover, interaction with other cancer patients in a social support group can provide the group members' with opportunities to give and receive informational, emotional, and instrumental support [5] .
Treatment information exchange among breast cancer patients
Beginning with cancer diagnosis, patients face a number of novel challenges. To handle the problems encountered during the diagnosis and treatment processes, it is imperative to acquire relevant information about medical strategies and options. Treatment information is the most frequently sought information among cancer patients [6] [7] [8] . Such information encompasses various issues involved in treatment procedures, such as medical descriptions and options, available drugs, and physical symptoms including side effects [7] [8] [9] [10] [11] [12] . Research has shown that cancer patients feel more empowered when they believe they have as much health information as they need to make good treatment decisions [13] . Breast cancer patients with satisfactory treatment information cope better with medical regimes [14] and show positive psychological outcomes, such as higher quality of life and lower distress, depression, and anxiety [15] [16] [17] [18] [19] [20] .
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Although many cancer clinicians and cancer-related websites provide timely and accurate information [21, 22] , treatment information shared in Computer-Mediated Social Support (CMSS) Groups provides the group participants some unique benefits. Different from other medical information, treatment information shared in cancer CMSS groups is usually based on the patients' own experience. The CMSS participants can read not only various facts about treatment alternatives but also what to expect and how to cope during various medical procedures and therapies. Accordingly, the knowledge and essential coping skills the patients acquire from participating in the CMSS groups have been found to contribute to reducing distress levels and preparing them for the cancer treatment process [23, 24] .
Previous research has shown that sharing cancer treatment information in CMSS groups is associated with greater health competency. This improvement in cancer patients' information competence about their illness has been linked to exchanging treatment information in CMSS groups [25] . In particular, Shaw et al. [2] found that health information competence is more strongly related to sharing experiential treatment information among CMSS participants than learning medical information from professionals.
Sharing treatment information in CMSS groups also has a positive impact on participants' emotional well-being. In-depth interviews with twelve breast cancer patients who participated in CMSS revealed that exchanging treatments information made them perceive their treatment experience as less stressful, threatening and frightening. Moreover, women with breast cancer reduced their negative expectations and took their treatments more calmly when receiving treatment information from other breast cancer patients via CMSS [24] . Also, Shaw et al. [24] found that treatment information or experience of breast cancer survivors encouraged new breast cancer patients to cope with their health crisis.
Health self-efficacy and patients' well-being
Although a sizable body of research has examined the effects of exchanging treatment information in CMSS settings [2, [21] [22] [23] [24] [25] , little attention has been paid to psychological factors that may condition the effects of treatment information exchange on patients' well-being. One possible moderator of these effects may be self-efficacy, which has been considered to be positively associated with emotional well-being [26] . In social learning theory, Bandura [27] defined self-efficacy as people's belief in their abilities to generate the motivation, harness the resources, and exercise the action needed to influence events that affect their lives. In short, it is the belief in one's capabilities to produce desirable outcomes [28] .
Self-efficacy has been conceptualized as various health-specific efficacies [29] . Bandura [26] considered patient perceptions of selfefficacy in a health content to be an important cognitive mechanism when dealing with illness situations. When patients seek information, their self-efficacy regarding health outcomes or goals can shape their information seeking strategies. Individuals who believe they have a great deal of control over achieving health-related goals may actively seek out information about their disease, while those who doubt their ability may not search for the information or may even avoid it. Previous studies have labeled individuals' beliefs about the ability to manage their health conditions as health self-efficacy [30, 31] .
Witte [32] argues that when risk perceptions are high, such as when dealing with life threatening diseases, efficacy beliefs take on added importance. Heightened levels of personal risk may generate high level of anxiety. When individuals feel anxious about their overall well-being due to their perception of being at risk from a serious disease, their self-efficacy -perceived ability to manage the disease -greatly influences their behavior decisions [32] . When perceived risk is high, low levels of health self-efficacy are likely to be counter-productive, whereas high levels of selfefficacy tend to foster risk-reducing behaviors.
A significant positive association also has been found between cancer patients' perceived self-efficacy and their overall mood states and quality of life, such as emotional, physical, and social well-being [33] [34] [35] [36] [37] . For example, newly diagnosed breast cancer patients with higher self-efficacy had less depression and anxiety, and a more positive and active coping style than those who have less selfefficacy [34] . A recent longitudinal study on 684 breast cancer patients also revealed that self-efficacy at baseline was associated with emotional well-being and had a direct effect on emotional functioning [35] . Similarly, Lin [36] observed that perceived selfefficacy had a significant negative correlation with intensity and interference of pain in daily life among cancer patients, which could enhance other health outcomes such as emotional or social wellbeing. In other studies, self-efficacy was found to buffer the relationship between depression and cancer, influencing physical dysfunction and symptom management [37, 38] .
Aims and hypotheses
Bringing these two lines of inquiry together, this study examines the effect of treatment information expression and reception within online support groups, focusing the moderating role of cancer patients' level of health self-efficacy. This builds on recent work attempting to distinguish between message expression and reception effects. Most communication effects are conceived as a consequence of informational or persuasive message reception [39] . Complementing this perspective involved understanding that ''the act of expression might change the message sender, that expressed ideas often do not exist intact, if at all, in the speaker's mind prior to expression'' [40] . As discussed above, research has shown that treatment information expression and reception in CMSS groups helped participants to view surgeries and therapies as less stressful, threatening and frightening [24] . This leads the first hypothesis.
H1. Treatment information expression (H1-1) and reception (H1-2) in CMSS groups will be positively associated with emotional well-being.
Prior research shows patients' perception of personal efficacy is an important factor in dealing with their illness. For instance, when confronting adverse events, those who retain the belief that they will be able to exert control over their thoughts and actions tend to persevere. In addition, individuals with a high level of health self-efficacy are more likely to reject negative thoughts about themselves than individuals with a sense of personal inefficacy [41] . Thus, when breast cancer patients exchange treatment information in CMSS groups, their levels of health selfefficacy should play a key role in understanding the shared information. Those with high health self-efficacy will likely benefit more from the treatment information because they believe they have the motivation and resources to put the information into action. The opposite should be true to those low in health self-efficacy, with higher levels of treatment information exchange reducing well-being. Accordingly, we offer the second hypothesis, in two parts.
H2.
The relationship between emotional well-being and treatment information expression (H2-1) and reception (H2-2) will be moderated by health self-efficacy such that the positive relationship between these variables will be greater for those with high self-efficacy.
Methods

Participants
The data analyzed in this study were collected as a part of the Digital Divide Pilot Project (DDPP). DDPP was a population-based study to examine the feasibility of reaching low-income women with breast cancer with the electronic Health (eHealth) system. Eligibility criteria required that participants were at or below 250% of the federal poverty level, not homeless, within one year of diagnosis with early-stage breast cancer or within one year of a diagnosis of metastatic breast cancer. Participants were identified through a variety of sources, such as the National Cancer Institute's Cancer Information Service, hospitals and clinics, public health departments, and the Medicaid program, and recruited from rural Wisconsin and Detroit, Michigan. Once a patient was referred to the study, a research team member reviewed eligibility criteria with the patient. Eligible women who agreed to participate were informed the purpose of the study and the risks and benefits of being involved, and were asked to read and sign a consent form. The participants were also informed that their computer use would be monitored [30] . After submitting their pre-test, all study participants were provided a computer with access to the Comprehensive Health Enhancement Support System (CHESS) for 4 months. They also received personal training on how to use CHESS, including message reading and writing in CMSS. Initially 341 eligible patients were recruited. Among them, 286 patients joined the study and 231 completed both the pretest and a 4-month posttest surveys (81% retention rate). Of the 231 participants, 177 women either wrote or read messages in CMSS groups during the four-month study period. While 174 women read at least one message, 24 women did not write any message. On average, a DDPP participant posted 15.1 messages (SD = 43.1) and read 269.6 (SD = 549.0) posts. To investigate the effect of participation in CMSS on health benefits, the sample of this study is limited to the 177 women who wrote or read at least one message in CHESS during the four-month study period. To figure out the difference in the sample characteristics between those who are included in our analysis (N = 177) and those who are not (N = 54), we compared baseline scores of demographics, disease factors, and pretest score of the dependent variable. The results revealed that our study sample had more Caucasians (x 2 = 62.61, p < .001) and higher educated respondents than those excluded from analysis (jtj = 2.24, p < .05).
Intervention: computer-mediated groups in CHESS
CMSS groups examined in this study were part of the ''CHESS: Living with Breast Cancer'' eHealth system, which was developed by an interdisciplinary team of health care clinicians, system engineers, computer programmers, health educators and communication specialists [42] . It is an Internet-based system that provides patients and their caregivers with a range of conceptually distinct services [21, 30] . The support groups within CHESS are text-based, asynchronous bulletin boards allowing users to anonymously share information and support. Groups are monitored by a trained facilitator to ensure that discussions are supportive and do not contain unchallenged inaccurate or harmful information. However, the facilitator neither controls the type and quality of information presented by group participants, nor takes an active role in guiding the topics of communication and rarely intervenes.
Data construction
The data used in this study resulted from a reconstruction of the DDPP data. First, a computer-aided content analysis program, InfoTrend, was employed to analyze participants' word usage within individual discussion posts. Second, each coded discussion post was combined with action log data that show the multidimensional expression/reception nexus among CHESS users. Finally, these newly constructed data on treatment information writing and reading were combined with survey data collected for the DDPP study.
Computer-aided content analysis
This study employed InfoTrend to code for key ideas and idea combinations in participant message texts through the implementation of a dynamic rule structure [43] . Different from other word-counting programs, this program uses the computer language to enter (a) idea categories, (b) words that tap or reveal those idea categories, and (c) rules that allow pairs of ideas in the text to be combined to form more complex meaning. With these three components, human coders can create and refine specific coding rules capturing syntactical complexities of language. InfoTrend requires a series of iterations testing the performance of the coding rules before the computer is permitted to code all content. These steps led to greater precision in the computer's application of the content analysis [39, 43] .
Using this program, 19,695 message posts produced by DDPP participants were analyzed. Consistent with norms of CMSS groups, a discrete message post was the unit of analysis. Through the coding process described above, seven social support categories were coded: (1) medical treatment information exchanges, (2) statements offering encouragement and support, (3) requests of help, (4) expressions of empathy and understanding, (5) offers of prayer, (6) references to Christian beliefs, and (7) references to general religious views. Many of these coding categories required the InfoTrend system to capture the syntactical complexities of language. For the treatment exchange category, we developed a customized dictionary on all possible types of treatment-related words used in our discussion groups: (1) surgery, (2) medical therapy, (3) general treatment, (4) drugs and creams, (5) other medical terms. Examples of each subcategory are presented in Table 1 . To test the effect of exchanging treatment information on our hypothesized outcomes, the other six content categories were used as control variables.
Reliability estimates conducted on a subset of 200 discussion posts between human and computer coding produced an estimate of 91% agreement across these different categories. This was a conservative test, as an entry was coded as a disagreement if any aspect of it was misidentified by the computer. On this basis, Scott's Pi was calculated by comparing the percent expected agreement by chance across the seven coded categories with the Table 1 Subcategories and their examples of the treatment information exchange category.
Subcategories
Examples
actual agreement. It was determined to be 87.5% greater than by chance [39] .
Action log data and survey data
When the effect of CMSS use is examined, especially when the support groups are operated with text-based and asynchronous bulletin boards, it is crucial to distinguish effects arising from message expression and those arising from message reception. To address this issue, we integrated the discussion message coding with action log data that tracks the message as a chain of expression and reception events. The action log data collection system was developed by the CHESS research team and automatically tracked usage data on an individual keystroke level. This enabled us to track which participant wrote and/or read each message. Finally, this action-level, content-coded data is combined with survey data to examine how treatment information expression and reception is linked to psychosocial health outcome to patients [39] .
Measures
Dependent variable: emotional well-being
Emotional well-being is the primary dependent variable of this study. Participants were asked to indicate the level of frequency on a five-point scale (0 = not at all, 4 = very much), asking how often they had felt each of the following: (1) 
Independent variable: treatment information expression and reception
Both expression and reception of medical treatment information are the primary independent variables in this study. Treatment expression is operationalized by the total counts of treatment categories produced divided by total number of all coding categories posted. Likewise, treatment reception is constructed as the total counts of treatment expressions read divided by total number of all coding categories consumed. It is noteworthy that this study uses a measure of proportion rather than a raw number of the total counts. With this approach, we can rule out the potential confounding effect of writing/reading other types of supportive categories specified in our coding scheme. In addition, it allows us to take into account the variance among participants in the volume of message expression and message reception. On average participants wrote about treatment information 14 times and other types of supportive expressions 27 times during the study period. Conversely, they read about treatment information an average of 239 times and read supportive statements an average of 486 times.
Moderating variable: health self-efficacy
Health self-efficacy was measured during the pretest with a three-item scale assessing breast cancer patients' perceptions of self-efficacy about health-related situation [29] . Respondents were asked to report their level of agreement on the following three statements: (1) ''I was confident that I could make a difference in my health,'' (2) ''I set some definite goals to improve my health,'' and (3) ''I actively worked to improve my health'' (pretest: M = 2.79 SD = .73 Cronbach's a = 0.76). All items were measured on a fivepoint scale ranging from zero (disagree very much) to four (agree very much) [2, 30] .
Control variables
We included four social and demographic controls: age, ethnicity (a dummy variable with Caucasian coded 0 and NonCaucasian coded 1), education, and living situation (a dummy variable with ''Living alone'' coded 1 and ''Living not alone'' coded 0). In addition to these controls, this study includes patients' clinical characteristics that were expected to have an influence on the dependent variable: stage of cancer, the number of surgeries or treatments between pre and posttests, duration between diagnosis and intervention (days), and physical well-being at the posttest. Physical well-being was measured with Karnofsky's performance scale. Patients were asked to report which best describes how they had been feeling in the week before the posttest. Responses were recorded on a 5-point scale that ranged from feeling normal with no complaints and able to carry on your usual activities to very sick, hospitalized for some time or in bed all of the time. Finally, based on the study design, the effect of having a peer advocate was controlled. To examine the effect of a peer advocate on several health outcomes, the original study randomly assigned participants into either the CHESS group or the CHESS plus peer advocate group. According to Gustafson and his colleagues [29] , there was a significant difference in emotional well-being between the peer advocate and non-peer advocate groups. Because emotional well-being is the primary dependent variable of this study, we included the peer advocate variable as a covariate in our analysis. Of the 177 participants included in this study, 94 (53.1%) participants had a peer advocate and 83 (46.9%) did not have a peer advocate. 
Analytic framework
To examine the effects of expression and reception of treatment information, and their interaction effect with health self-efficacy on emotional well-being, we employed hierarchical regression analysis. The eight demographic and clinical characteristic variables were entered in a first block with peer advocate and pretest value of emotional well-being. A second block consisted of health self-efficacy, followed by a third block of expression and reception of treatment information. In the final block, two interaction terms were entered to test if health self-efficacy moderated the effects of expression and reception of treatment information within CHESS on emotional well-being. Both interaction terms were constructed by multiplying the standardized values of the main effect variables -health self-efficacy with expression and reception of treatment information -to reduce possible multicollinearity problems between the interaction terms and their components [46] . This provided us with an initial assessment of whether expression and reception of treatment information, health self-efficacy, and their interactions had significant effects on emotional well-being.
Results
Patient characteristics
The mean age of the participants was 51 years old. 76.3% of women were Caucasian. 26.6% of the patients lived alone. Participants had a diverse educational background, with 31.1% having a high school education, 30.5% having attended some college, 27.1% were college graduates and 3.4% attended graduate school. Participants had one surgery or medical treatment in the study period on average. Of the 177 patients, 9.6% had stage 0, 16.4% had Stage I, 29.9% had Stage II, 15.3% had Stage III, 5.1% had Stage IV, and 4.0% had inflammatory breast cancer. 35 (19.8%) participants did not know their exact cancer stages. Average period between diagnosis and the Intervention was 109 days. Table 2 summarizes the descriptive statistics of all the patients' demographic and clinical characteristics.
Main effects
The first hypothesis predicted that expression and reception of treatment information within CMSS would be positively associated with emotional well-being. Contrary to our expectation, however, both expression and reception of treatment information were not directly related to patients' emotional well-being (Treatment information Expression: b = À.04, ns; Treatment information reception: b = .04, ns). Thus, H1-1 and H1-2 were not supported.
Interaction effects of health self-efficacy
The second hypothesis stated that the relationship between emotional well-being and treatment information expression and reception would be moderated by health self-efficacy such that those with high self-efficacy would benefit more from such exchanges. As expected, both interaction effects between health self-efficacy and treatment word expression and reception were statistically significant (health self-efficacy Â treatment information expression: b = .13, p < .05; health self-efficacy Â treatment information reception: b = .16, p < .05; see Table 3 ). To examine the nature of these findings, we decomposed these interactions. As Interaction between health self-efficacy and treatment information reception on emotional well-being (scale ranges only partially displayed on Y-axis). Fig. 1 illustrates, treatment information expression had positive impact on emotional well-being for those who have higher health self-efficacy, while it had negative influence for those who have lower health self-efficacy. Similarly, when people with higher health self-efficacy read treatment information, they experience benefits to their emotional well-being. In contrast, for those who have lower health self-efficacy, reading treatment related expressions reduced their emotional well-being (see Fig. 2 ). In sum, the effects of treatment expression and reception on emotional wellbeing were moderated by health self-efficacy. These results support the hypotheses 2-1 and 2-2.
4. Discussion and conclusion
Discussion
This study explored the effect of treatment information expression and reception among CMSS users on their emotional well-being and its interactive relationship on health self-efficacy. Only the interaction hypothesis was supported for both treatment information expression and reception. Thus, breast cancer patients' health self-efficacy appears to condition whether they experience emotional benefits from exchanging treatment information. Those who have higher health self-efficacy seemingly accrue emotional benefits from expression and reception of treatment information in CMSS, while these same exchanges have negative effects on those who have lower health self-efficacy. This finding is particularly interesting, because extant qualitative research has observed that treatment information exchanges among breast cancer patients have several positive health outcomes, including psychological benefits [24] . However, this study suggests that the positive effects are conditional, based on the patients' level of health self-efficacy. In future study, the influence of health self-efficacy should be considered when the effects of expression and reception of messages in CMSS groups are examined.
It is noteworthy that this study has taken a novel methodological approach to examine the treatment information expression and reception effects in CMSS groups. First, we conducted a computeraided content analysis, using InfoTrend. As mentioned earlier, InfoTrend enables us to deal with syntactical complexities of language. This is critical in coding expressions that are context specific. Thus, employing InfoTrend makes our findings more robust. Second, we combined these codings with group participants' action log data and survey data. This procedure enabled us to track the multi-dimensional expression/reception nexus among CMSS users and examine the effects of message exchange on patients' psychosocial benefits by actually tracking what each participant wrote or read within this e-health system. This type of granular analysis has distinct advantages in terms of understanding communication effects with CMSS, especially distinguishing expression and reception effects. Yet given the somewhat dated nature of the data presented here, it seems to be necessary to replicate our findings with a more recently collection.
Conclusion
This study contributes to the literature on treatment information effects by showing the moderating effect of health selfefficacy on the relationship between exchanging treatment information and breast cancer patients' emotional well-being. It extends the CMSS effects research by examining expression and reception effects separately and in a more precise manner. Future research should attempt to understand the contextual meaning of treatment information as it is being used within CMSS groups. By simply counting treatment information such as ''mammogram'' and ''radiation,'' it may be hard to fully understand the context in which patients discuss their health issues. Additional research is needed to develop more sophisticated coding rules to capture the full richness of the treatment expression and reception occurring in the groups of women with breast cancer, as well as other CMSS settings. Further, experimental testing is needed to examine the causal relationship between the intervention and emotional wellbeing, controlling the influence of patients' coping mechanisms developed through interactions and experiences during treatment, and ruling out the possibility that those with greater emotional well-being simply exchange more treatment information when feeling efficacious.
Practice implications
The benefits of social support groups, either online or offline, has been well recognized among scholars and healthcare practitioners. Treatment information is among of the most frequently discussed ideas within these systems. The benefits of these sorts of exchanges for emotional well-being are well established. Considering the findings of this study, however, clinicians may wish to reflect on the moderating role of health self-efficacy for the relationship between exchanging treatment information and emotional well-being. If the benefits of exchanging treatment information in CMSS are conditioned by health self-efficacy, clinicians should explain the roles of health self-efficacy to breast cancer patients before encouraging such exchanges within e-health systems. In other words, breast cancer patients should be informed that giving and receiving treatment information in CMSS groups could have harmful effects on their emotional well-being when they do not have enough confidence in their ability to manage their health conditions. Further study of these relationships is needed.
